Wild freshwater eel populations have dramatically declined in recent past decades in Europe and America, partially through the impact of several factors including the wide spread of infectious diseases. The anguillid rhabdoviruses eel virus European X (EVEX) and eel virus American (EVA) potentially play a role in this decline, even if their real contribution is still unclear. In this study, we investigate the evolutionary dynamics and genetic diversity of anguiillid rhabdoviruses by analysing sequences from the glycoprotein, nucleoprotein and phosphoprotein (P) genes of 57 viral strains collected from seven countries over 40 years using maximum-likelihood and Bayesian approaches. Phylogenetic trees from the three genes are congruent and allow two monophyletic groups, European and American, to be clearly distinguished. Results of nucleotide substitution rates per site per year indicate that the P gene is expected to evolve most rapidly. The nucleotide diversity observed is low (2-3 %) for the three genes, with a significantly higher variability within the P gene, which encodes multiple proteins from a single genomic RNA sequence, particularly a small C protein. This putative C protein is a potential molecular marker suitable for characterization of distinct genotypes within anguillid rhabdoviruses. This study provides, to our knowledge, the first molecular characterization of EVA, brings new insights to the evolutionary dynamics of two genotypes of Anguillid rhabdovirus, and is a baseline for further investigations on the tracking of its spread.
INTRODUCTION
Since the 1980s, wild populations of European (Anguilla anguilla) and American (Anguilla rostrata) eels have shown a strong decline throughout the world (Casselman, 2003; Dekker, 2003; Haro et al., 2000; Stone, 2003) . The combination of several factors has been investigated to explain this dramatic decline (Dekker, 2004; Haenen et al., 2009 Haenen et al., , 2012 ; these factors include overfishing, habitat loss or degradation, migration barriers and infectious diseases (parasitic, bacterial and viral) . Viral diseases are caused by three main viruses isolated from either wild or farmed eel: the aquabirnavirus eel virus European (EVE), the alloherpesvirus anguillid herpes virus type 1 (AngHV1) and the rhabdovirus eel virus European X (EVEX) . The Rhabdoviridae family is composed of over 200 viral pathogens of animals, plants, insects and fish, and is divided into 11 genera by the International Committee on Taxonomy of Viruses. Fish rhabdoviruses are presently assigned to the genera Sprivivirus, Novirhabdovirus and recently described Perhabdovirus (Hoffmann et al., 2005; Stone et al., 2013) .
In the 1970s, two eel rhabdoviruses were isolated in Japan. The first one, designated eel virus American (EVA), was imported from Cuba within a shipment of A. rostrata elvers, while the second one originated from France through European eel culture-ponds and was named EVEX (Sano, 1976; Sano et al., 1976 Sano et al., , 1977 . Their physico-chemical, morphological, serological and infectivity properties are strongly similar, suggesting they are two strains of a single virus (Hill et al., 1980; Nishimura et al., 1981) . Since then, EVEX isolates have been detected in wild and farmed eel from various geographical regions: France (Castric & Chastel, 1980; Castric et al., 1984) , The Netherlands (van Beurden et al., 2011; van Ginneken et al., 2005) , Italy (van Ginneken et al., 2004) , UK, Denmark and Sweden (Jørgensen et al., 1994) , and Germany and Russia (Ahne et al., 1987; Shchelkunov et al., 1989) . In 40 years many isolations have been made, but no molecular studies were carried out before 2012, when the first complete genome of an EVEX isolate from The Netherlands (CVI153311) was sequenced (Galinier et al., 2012) . A few months later a second almost-complete genome of the original EVEX isolate was published (Sano, 1976; Sano et al., 1976; Stone et al., 2013) . Stone and coauthors have suggested that EVEX and EVA strains belong to a new species, Anguillid rhabdovirus, within the genus Perhabdovirus.
Perhabdovirus genomes are composed of a single molecule, linear, negative sense ssRNA encoding five structural genes in the order 39-nucleoprotein (N), phosphoprotein (P), matrixprotein (M), glycoprotein (G) and RNA polymerase (L)-59 (Galinier et al., 2012) . These five structural genes are well described for other rhabdoviruses but their functions and evolutionary relationships are not fully understood at this time, especially for eel viruses. The N protein is a major component for RNA encapsidation and has the highest conservation rate among all fish rhabdovirus proteins (Galinier et al., 2012) . The G protein is involved in receptor recognition and allows the viral particle to attach and enter the host cell. The P protein can be associated with L and N proteins to form a complex involved in virus transcription and replication. The P amino acid sequence is the least conserved, showing a low identity (,20 %) with other vesiculoviruses. Within the P gene an overlapping ORF (+1) encodes a putative C protein. Most rhabdoviruses possess this additional ORF, including vesicular stomatitis virus (Kretzschmar et al., 1996; Spiropoulou & Nichol, 1993) , Cocal virus (Pauszek et al., 2008) , Chandipura virus and Isfahan virus (Marriott, 2005) , spring viraemia of carp virus (Teng et al., 2007) , Pike fry rhabdovirus (Chen et al., 2009) and EVEX (Galinier et al., 2012) . These C proteins have a size varying from 41 to 93 amino acids and share a very limited identity (,20 %) with putative C proteins from other rhabdoviruses or other known proteins.
A common characteristic of RNA viruses is their rapid evolution induced by the multiple errors made by the RNA polymerase during the replication process. These multiple errors generate rates per site per replication that are three to four orders of magnitude greater than those of DNA viruses (Domingo & Holland, 1997; Drake et al., 1998) . Mutation, substitution and replication rates are essential to understand viral evolution (Duffy et al., 2008; Kuzmin et al., 2009) . Within the Rhabdoviridae, mutations appear to be the main source of genetic variation, although rare cases suggesting the possibility of recombination have been observed (Badrane & Tordo, 2001) .
In this study, our aim is to describe the genetic diversity and phylogenetic relationships of anguillid rhabdoviruses from analysis of more than 50 viruses isolated from European and American eels, collected from seven countries over a 40 year period, comparing the complete N and P, and partial G genes. The characterization of the viral evolution also requires investigation of the frequencies, nature and localization of mutations as well as the selection mechanisms constraining this viral population.
RESULTS

Analysis of virus genetic stability during passage in cell culture
One virus isolate (FR-2013.1) was sequenced for two genes (N and P) at multiple laboratory passages (2nd, 5th, 11th and 13th). For neither gene were any mutations observed in the viral sequences at the four different passages.
Phylogenetic analysis and evolutionary dynamics of Anguillid rhabdovirus
Three genes of a significant sampling of viruses from two eel species (A. anguilla and A. rostrata) in seven countries over a 40 year period were sequenced. For the G gene, a partial dataset of 1164 bp was created using 33 viral strains. For the N and P genes, complete ORF sequences were produced from 44 and 57 strains, respectively. Phylogenetic reconstructions produced the same topologies for each gene using either maximum likelihood (ML) or Bayesian inference (BI) (Fig. 1) . All eel viral sequences clustered within the species Anguillid rhabdovirus, far from other species within the genus Perhabdovirus, such as Perch rhabdovirus and Sea trout rhabdovirus (STRV). Within the anguillid rhabdoviruses, two clades were clearly distinguished and strongly supported (posterior probabilities of unity and ML bootstrap support of 100). These two genogroups, A. anguilla viruses and A. rostrata viruses, have around 10 % divergence (either nucleotides or amino acids). Nevertheless, the A. rostrata genogroup comprises only two viral strains, from Cuba and Japan. Within the A. anguilla virus clade some specific groups were present within the topologies of the three genes. For example, the DK-1986.2 strain is always in basal position within this clade with strong support (1/100), the longest branch in the three trees is the viral strain NL-2010.1, and a group of seven viral strains from three different countries (IT-1989 , NL-2010 .2 and FR-2003 2008.1; 2008.2; 2012.3 NL-2011 .1 DE-2003 FR-2011 .1 FR-2011 .7 FR-2011 .9 FR-2002 FR-2004 DK-1986 .1 DK-1990 NL-2006 NL-1990 NL-2010 .1 NL-1992 FR-1987 .1 FR-1985 FR-1978 NL-2010 .2 FR-2012 .3 FR-2003 FR-2008 .1 FR-2008 .2 FR-2006 IT-1989 IT-2001 NL-1994 NL-1997 IT-2000 DE-2004 FR-1976 IT-1997 DK-1986 .2 JP-1998 CU-1974 -1974 JP-1998 DK-1986 .2 NL-1997 FR-1976 NL-1994 IT-2001 IT-20001 IT-1997 DE-2004 IT-1989 FR-2012 .3 FR-2003 NL-2010 .2 NL-2006 FR-2006 FR-2008 .2 FR-2008 .1 FR-1978 DK-1986 .1 DK-1999 FR-1985 FR-1987 .1 NL-1992 NL-1990 NL-2010 .3 NL-2010 .1 DE-2003 FR-2012 .1 FR-2011 .5 FR-2011 .10 FR-2002 FR-2004 FR-2011 .11 NL-2011 .1 FR-2011 .3 FR-2011 .4 FR-2011 .8 FR-2013 .2 FR-2011 .9 FR-2011 .7 FR-2011 .6 FR-2011 .1 FR-2011 Gene P FR-2011 .3 FR-2011 .4 FR-2011 .8 FR-2011 .7 FR-2011 .11 FR-2013 .2 FR-2013 .3 FR-2011 .1 FR-2011 .2 FR-2011 .5 FR-2011 .6 FR-2011 .9 FR-2011 .10 FR-2004 FR-2012 NL-1990 FR-1987 .2 FR-1987 .3 FR-1987 .4 FR-1987 .1 FR-1985 DE-2004 IT-1997 DK-1986 .1 DK-1990 FR-1978 FR-1976 NL-1994 IT-2000 IT-2001 DK-1986 JP-1998 CU-1974 
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. Based on these phylogenetic relationships, we propose to define two genogroups of eel viruses: anguillid rhabdovirus type European (E) and anguillid rhabdovirus type American (A). These names and initial letters were chosen to take into account the hosts (the European and American eel) and the historical acronyms of the virus (EVEX and EVA).
The nucleotide substitution rates (per site and per year) and the time for the most recent common ancestor (TMRCA) were estimated for each gene (Table 1) . For a more accurate analysis, three separate datasets were defined: strains isolated from Europe (named European); a group of 33 viral strains amplified for the three genes (named 'common'); and a set containing all sequences available (named 'all'). For all analyses, the hypothesis of a strict molecular clock was rejected and a relaxed molecular clock was used because each coefficient of variation (CoV) value (and 95 % highest posterior density, HPD) was .0. For each gene, an increase in the rate of nucleotide substitution was observed for the European group. For the three datasets, significant differences (P,0.0001) between the three genes were found: substitution rates in the P gene were higher than for the G gene, and both were higher than for the N gene. Based on these rates, the mean TMRCA calculated for the three genes is around the second half of the nineteenth century (1847-1883). For the European viruses only, the mean TMRCA is around the middle of the twentieth century .
Maximum clade credibility (MCC) trees and the demographic history (using the Bayesian skyline plot) of different anguillid rhabdovirus datasets were also constructed (data not shown). We illustrate only the results from the 31 combined sequences of the three genes from the European genogroup (Fig. 2 ). The MCC tree shows the same topology as those obtained by phylogenetic analyses with the European viruses. The results suggest that the population history increased until the mid-1980s, followed by a decline. The period of increase corresponds to the rise in diversity also detected within the MCC tree.
Genetic diversity
Viral sequences displayed a low genetic diversity for each gene, with mean nucleotide identity ranging from 97.41 to 98.36 %, with a similar trend for amino acids (97.58 to 99.22 %) ( Table 2 ). The number of variable nucleotide mutations was highest for the P gene (24.12 %) and lowest for the N gene (14.33 %). Only 11.57 % of the mutations of the N gene were non-synonymous compared with 32.46 % for the P gene. The ratio d N /d S (non-synonymous to synonymous mutations) and Tajima's D (test based on polymorphism frequencies) were calculated for each gene. All three genes displayed significantly more synonymous than non-synonymous changes (ratio ,1), suggesting a purifying selection on the viral population. Tajima tests were significantly negative for each gene, assuming a negative selection on the viral population. Significant differences were observed among the three genes for the 31 common sequences from the European virus type (P,0.0001) ( -1987.1-4) , were deleted from our dataset because of a stop codon appearing too early or a start codon not being present. Sequence variations from the 47 remaining viral strains were analysed for the P-total (full-length of the gene P), the C (full-length), and a P-C region defined as the position within P determined by the same nucleotides encoding the C gene (Table  3) . The amino acid identity of the C protein was lower than both P-C region and P-total identities. Distributions of the 1976-2012 4.75 (3.43-6.15) 1942 (1908-1977) 0.53 (0.1-1.23)
Three separate datasets were defined: All (all sequences available); Common (strains amplified for the three genes); European (strains isolated from Europe). n, Number of sequences.
Diversity and evolution of Anguillid rhabdovirus variable nucleotides were almost the same for the three regions, but there was an important increase (more than 20 %) of non-synonymous substitutions within both P-C and C regions. The slight difference (3.5 %) between the P-C and C regions was established by the distribution of the third codon positions within their sequences. Anguillid rhabdovirus C proteins have a very limited identity (,20 %) with other C proteins observed within Rhabdoviridae (data not shown).
Some variations were observed within full-length sequences of the P gene. The 39-start and 59-end of the gene seemed to correspond to highly conserved domains with almost no substitutions. Other regions such as the P-C region possess more mutations (data not shown). Moreover, two European viruses (FR-2012.3 and NL-2010. 2) with 100 % similarity had a deletion of four amino acids between positions 173 and 176, whereas all other European viruses include the motif QDPK, and both American viruses display the motif QDKR.
DISCUSSION
The present study on genetic diversity and evolutionary dynamics in 57 collected viral strains of A. anguilla and A. rostrata reveals three main results: (1) these eel viruses belong to the Rhabdoviridae and more precisely to the species Anguillid rhabdovirus, where two genotypes corresponding to European type and American type viruses can be delimited; (2) the global genetic diversity is low (less than 3 %); (3) a putative protein C is present within the majority of the European viruses.
Classically, first molecular studies and genogroup definition are based on partial sequences of genes such as the polymerase or the glycoprotein. For example, viral hemorrhagic septicemia virus (VHSV) strain characterization was initially carried out on two short regions of the G gene (Benmansour et al., 1997) and has led to the identification of three genogroups. A fourth was defined using the N gene (Snow et al., 1999) and was confirmed by a study on the entire G gene (Einer-Jensen et al., 2004) . To avoid this common issue in viral studies, an alternative solution consists of conducting analysis of multiple genes at the same time. For VHSV, a phylogenetic analysis using N, G and Nv genes has been performed and led to a good resolution of the four genogroups previously described (Einer-Jensen et al., 2005) . Here we applied this approach to make analyses on three genes representing 35 % of the complete genome of EVEX (Galinier et al., 2012) .
Relatively simple rules were used to delimit clades within our phylogenies and defined them as: (1) groups distributed similarly in all single-gene phylogenetic reconstructions, (2) branches strongly supported within all topologies (ML bootstrap support .70 and posterior probabilities .0.9). On this basis, two virus clades were defined according to their specific host species, American type for A. rostrata and European type for A. anguilla, but only two of the 57 isolates were from one of the hosts, A. rostrata. In our study, only two host species were examined of the 18 species/subspecies described in the genus Anguilla. The limited numbers of hosts used may have artificially led to these host-specific clades. Monophyletic groups from several fish species had already been observed and only further improvement of our phylogenetic trees with viral strains from other eel species would allow confirmation of this host-specific repartition.
In this work, European viruses were isolated from five countries across a 40 year period, and their evolutionary relationships were not correlated with their geographical isolation, date or host life stage. This is unusual for fish rhabdvoviruses, which are more frequently defined according to their major geographical area of isolation. For example, phylogenetic analyses of infectious haematopoietic necrosis virus (IHNV) revealed three major genogroups, designated U, M and L for upper, middle and lower geographical distribution in North America (Kurath et al., 2003) . A. anguilla is the only eel species present in Europe and is exploited at all freshwater stages. Indeed, elvers landed on the European coast lead to important commercial Nt ID, Mean nucleotide identity; AA ID, mean amino acid identity. Rates of nucleotide substitution are one of the major components to help in understanding viral evolution. The method of estimating nucleotide substitution rates 2based on a Bayesian Markov chain Monte Carlo (MCMC) coalescent framework -was used with anguillid rhabdoviruses, which allows time-structured phylogeny (i.e. evolution is over the timescale of human observation and tip times of each sequence correspond to the date of viral sampling). RNA viruses are often assumed to evolve quickly with a rate close to 1610 23 nucleotide substitutions per site per year and a range between 10 22 and 10 25 substitutions per site per year (Duffy et al., 2008; Jenkins et al., 2002) . The results of our analyses based on three genes are within the range for RNA viruses, but close to the low boundaries with rates around 10
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. These results are consistent with other fish viruses, such as infectious salmon anaemia virus (ISAV), for which the substitution rate is estimated at 7.83610 24 substitutions per site per year (Castro-Nallar et al., 2011), or a betanodavirus with 4.89610 24 (Panzarin et al., 2012) . We found significant differences between the three genes for the common group of viruses, with nucleotide substitution rates from 4.75610 24 (G gene) to 5.05610 24 (P gene). Previous studies were carried out using multiple genes for different viruses, such as spring viraemia of carp virus (SVCV; rates of 5.47610 24 and 4.71610 24 for the G and P genes, respectively; Padhi & Verghese, 2012) and VHSV (rates of 5.91610
24 for the G gene and 5.11610 24 for the P gene; He et al., 2014) . Thus in both SVCV and VHSV, the P gene evolves more slowly than the G gene, contrary to Anguillid rhabdovirus. One hypothesis from this interesting finding is that purifying selection may be present in the G gene sequences. This negative pressure seems to be a dominant evolutionary force of these RNA viruses but could also be a source of TMRCA bias. Indeed, some rapidly evolving pathogens such as Ebola virus and avian influenza virus show inconsistency between molecular dating of the TMRCA and epidemiological, historical evidence. Without correction of the molecular dating the purifying pressure seems to lead to underestimating the age of the viral lineage (Wertheim & Kosakovsky Pond, 2011) . For Anguillid rhabdovirus, with no epidemiological or historical data available we can not exclude the same issue for TMRCA estimation date.
Nucleotide substitution rates inferred here were significantly higher for the European group. Such differences between genogroups have already been observed for other fish rhabdoviruses. The evolutionary rate of the European freshwater SVCV strains genogroup Ia is at least 5-7 times higher than genogroup Id (Padhi & Verghese, 2012) , and the freshwater VHSV strains evolve 2.5 times faster than marine strains (Einer-Jensen et al., 2004) . Nucleotide substitutions are generated during the viral replication cycle, which can be modified by aquaculture practices. For example, high fish densities and water temperature increase the stress level in fish. In addition, water temperature plays a crucial role in the virulence of anguillid rhabdoviruses. Experimental trials have suggested that mortality is lowest at 10 u C and highest at 20 u C (van . Thus, an increase of stress level (due to farming practices) or a change in virulence may be linked to an increase in replication rate and could explain the high rate of nucleotide substitution observed for European viruses.
The global nucleotide diversity observed in Anguillid rhabdovirus is low (2-3 %) for the three genes studied. These results are supported by the comparison of other complete genomes available to date (Stone et al., 2013) . Within the new genus Perhabdovirus, isolates STRV and lake trout rhabdovirus (LTRV) shared a high degree of similarity (over 97 %) and therefore are considered to belong to the same species, STRV (Johansson et al., 2002; Stone et al., 2013) . However, the third species from this genus, Perch rhabdovirus, displayed opposite results with a divergence of 32.9 % between the four genogroups (Talbi et al., 2011) . The low diversity demonstrated in this study could be related to a purifying selection process, suggesting complex relationships within this host-virus system. A. anguilla and A. rostrata are recognized as panmictic (or quasi-panmictic) populations with a relative genetic Diversity and evolution of Anguillid rhabdovirus homogeneity and a constant level of diversity (Dannewitz et al., 2005; Wirth & Bernatchez, 2003) . Molecular phylogenetic analyses of the genus Anguilla clearly support the notion that the European and American eels form an Atlantic group with a speciation time estimated to 5.8 million years (Minegishi et al., 2005) . On the other hand, viruses in this system are specific (they were only found in eel) and are adapted to their hosts. The population history of the European genogroup of viruses and that of the European A. anguilla host populations show the same decline since the mid-1980s. The evolution of viruses seems constrained by adaptation mechanisms, suggesting congruence of the evolutionary relationship of this eel-Anguillid rhabdovirus system.
To date, the function of the P gene is not still completely understood within the Rhabdoviridae but different domains have been characterized. The vesicular stomatitis virus P protein is structured in an N-terminal, a central and a Cterminal domains (Leyrat et al., 2012) , and there is evidence of the presence of two conserved but also two variable domains within the P gene of Lyssavirus (Nadin- Davis et al., 2002) . For the Anguillid rhabdovirus, polymorphism analyses suggest that regions located at the 39-and 59-ends (approx. 150 nt) are conserved while the central region is more variable. Within this variable domain, a specific region (P-C, 195 nt) seems to be subjected to important changes, with more than 60 % non-synonymous substitutions. For example, within this P-C region a deletion of 12 nt for two European strains and two amino acid changes for the American group were observed. Further work on in vitro adaptation needs to be carried out to evaluate the genetic stability of these positions.
Many rhabdoviruses encode an additional ORF, such as an NV protein in novirhabdoviruses or a small highly basic protein C in most vesiculoviruses (Walker et al., 2011) . Among our dataset of 57 P sequences, we discovered and analysed 47 full-length C proteins. Sequence alignments revealed that this ORF was shorter in the American genogroup; this observation is similar in VHSV where the genotype II presents a shorter NV protein (Einer-Jensen et al., 2005) . The function of this putative C protein is still unclear (Kretzschmar et al., 1996) but it may play a role in RNA synthesis .
In conclusion, data and analyses provided in this study support the idea that Anguillid rhabdovirus is host-specific and has European and American genogroups despite its low genetic diversity.
METHODS
Viral isolates. A total of 53 anguillid rhabdoviruses were collected as cell culture supernatants from different laboratory collections: Cuba (n51), Denmark (n53), France (n528), Germany (n52), Italy (n54), The Netherlands (n514) and Japan (n51). Isolation dates, host (A. anguilla or A. rostrata), country and number of laboratory passages are reported in Table 4 . Sequences from four isolates already available in GenBank were added to the sequences produced in this study.
RNA extraction, primers and sequencing. RNA was extracted from 150 ml cell culture supernatant using the Nucleospin RNA virus kit (Macherey-Nagel). The nucleoprotein (gene N), the phosphoprotein (gene P) and the glycoprotein (gene G) were respectively amplified with the primer sets oPVP301 (59-GGCTATTCTTTA-ACAGACATC-39) and oPVP302 (59-AAATGACTCATTTCTGCTTC-39), oPVP303 (59-CTTTAACAGGGATAAACGTAG-39) and oPVP304 (59-AATAGTCAAGAGGTTCAGAC-39), oPVP284 (59-TTGAGACA-TTTGTCACTGTG-39) and oPVP285 (59-ACCTGAAGTATCACTT-GTAC-39) for A. anguilla viruses. For gene G, only a partial sequence (1164 bp) was amplified for A. rostrata viruses with the group-specific primers oPVP299 (59-ACTGTATCATCTCACGAGGT-39) and oPVP286 (59-TACACAGAAATGAGAGTTCC-39). One-step reverse transcription (RT)-PCRs were performed with the SuperScript III One-Step RT-PCR System with Platinum Taq High Fidelity (Invitrogen) using the following mix: around 1 mg of extracted RNA was added to 20 mM each primer, 1 ml Taq and 25 ml of reaction mix in a final volume of 50 ml. The RT-PCR was conducted in a Mastercycler (Eppendorf) with an initial step of 55 uC (30 min) followed by an initial denaturation step at 94 uC for 2 min then 40 cycles at 94 uC (15 s), 51 uC (30 s), 68 uC (60 s) for both genes N and P. For gene G, 40 cycles were used: 94 uC (15 s), 56 uC (30 s), 68 uC (90 s), and a final extension at 68 uC (5 min). All PCR products were purified with a NucleoSpin gel and PCR Clean-up kit (Macherey-Nagel) and cloned using the TOPO TA Cloning kit (Invitrogen). For each PCR product, three clones were selected and sequenced in both directions using a BigDye terminator v3.1 reaction kit (Applied Biosystems) and a 3130 Genetic Analyzer (Applied Biosystems). All nucleotide differences were checked visually using the chromatograms.
Phylogenetic reconstructions. All consensus sequences were assembled using VectorNTI software v11.5. Alignments were performed with Muscle using SeaView 4 (Gouy et al., 2010) . Gaps were removed using Gblocks (Castresana, 2000) carried out on the phylogeny.fr platform (Dereeper et al., 2008) . Phylogenetic reconstructions were performed using both BI and ML with the Phylemon2, webtools suite (Sánchez et al., 2011) . Bayesian analyses used MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) with four chains of 10 6 or 2610 6 generations, trees sampled every 100 generations, and a burn-in value set to 20 % of the sampled trees. Sequences were considered with an evolutionary model designed for coding sequences and taking the genetic code into account (Goldman & Yang, 1994; Muse & Gaut, 1994; Shapiro et al., 2006) . ML analyses were performed using PhyML (Guindon & Gascuel, 2003; Guindon et al., 2005) with an evolutionary model selected via the Akaike information criterion with jModelTest 2 (Darriba et al., 2012) , and validated with 1000 bootstrap replicates. For the complete ORF N (44 sequences of 1284 bp), a general time reversible model with a gamma distribution (C50.95) and a proportion of invariable sites (I50.54) was chosen. For the complete ORF P (57 sequences of 825 bp), a transitional model plus a gamma distribution (C50.86) was selected. For the partial sequence dataset of 33 ORF G (1164 bp), a three-phase model with unequal base frequencies (1 uf) with a gamma distribution (C50.24) was preferred.
Evolutionary parameters and demographic history. BEAST software package v1.7.5 was used to estimate the rates of nucleotide substitution and the TMRCA with a Bayesian MCMC (Drummond & Rambaut, 2007) . All datasets were analysed with the Yang 96 codon model (Shapiro et al., 2006) , and both a strict (constant) and a relaxed uncorrelated lognormal (vary along branches) molecular clock . These models were evaluated with the CoV , where CoV values .0 were considered as evidence of non-clock evolutionary behaviour. The Bayesian skyline coalescent tree prior was utilized to infer the complex population dynamics of Anguillid rhabdovirus (Drummond et al., 2005) . For each dataset, three independent Bayesian MCMC runs were carried out for 20-35 million generations (to obtain effective sample size values of at least 200 for each parameter), to retain a sample of 10 000 trees. Convergences of the runs were confirmed using Tracer v1.5 software (http://tree.bio.ed.ac.uk/software/tracer/). The results of the three independent runs were then combined using LogCombiner v1.7.5 (with a burn-in value of 10 %), and MCC trees were generated using TreeAnnotator v1.5 and visualized using FigTree v1.4 (http://tree.bio. ed.ac.uk/software/figtree/). After that the normality and homogeneity of variances were tested for all substitution rates. We used a nonparametric test (Kruskal-Wallis) with the XLStat program (Addinsoft) to give inferred differences in substitutions rates between the three genes.
Genetic diversity. Basic population statistics and single nucleotide polymorphisms were calculated using the program DnaSp v5 (Librado & Rozas, 2009; Rozas et al., 2003) . We examined possible selection pressures with the Tajima's D test (Tajima, 1989) . For the three genes, the relationships between non-synonymous (d N ) and synonymous (d S ) substitutions per nucleotide site were investigated using the SNAP program (http://www.hiv.lanl.gov) (Korber, 2000) .
